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(57) Abstract 

. Tbe invention rolatos to an apparatus for "f^^^S 
— o. of a liquid, g^iKSSKS! ^ 
(2) provided WW. means (5 .6) for EfPSMSf.to,,, to vert ical shaft 
^.^S^^wTmfin^ sXeof me cylinder (2). Tbe 
wtthout p) for measuring me mdioactivity 

appamms is Tfor supplying a flushing liquid to me 

° ^ ^"frtJ^tomTsuch a .nS that the flushing Bquid flows 
S^SEEaSS.^ on me ^^^^ 
£ Tbe invention is ^^SSS-^ 

me cylinder (2) m oroer to produce smd bqmd 61m. 
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DEVICE FOR THE MEASUREMENT OF CONCENTRATION OF RADIOACTIVITY IN A 
LIQUID. 

The present: invention relates to an apparatus and a process for 
measuring radioactivity in circulating water contaminated by 
radioactivity, for example, in a nuclear power plant. 

BACKGROUND OF THE INVENTION 

In nuclear power plants it is very important to keep strict 
control over the levels of various nuclides in the water which 
circulates in the system, so as to trace any errors in the system 
at an early stage. The most simple way of surveillance is by 
taking samples from the system at certain time intervals, and 
then analysing -the samples for radioactivity in a laboratory. 
This process, obviously, only gives a momentary picture of the 
conditions in the plant, and furthermore, a delayed picture, and 
since the nuclide levels may vary considerably within the time 
range of minutes, one realizes that there is a need for a set of 
apparatus providing more or less continuous measurments. 

STATE OF THE ART 

An apparatus of the type mentioned in the preamble is known, i.a. 
from JP-C-55581/77 and JP-C-137595/77. 

JP-C-55581/77 discloses, for example, an apparatus having a 
vertically arranged water-releas : ng pipe through which the 
radioactive liquid to be measured flows. A measuring cylinder, 
having a diameter which is greater than that of the water- 
releasing pipe is arranged coaxially with the water-releasing 
pipe, allowing the radioactive liquid to flow down into the 
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measuring cylinder along its vertical longitudinal axis. The end 
of the water-releasing pipe extends into the measuring cylinder 
so that the radioactive water is not brought into direct contact 
with the inner surface of the measuring cylinder. As a result, 
the risk of radioactivity accumulating on the measuring cylin- 
der's surface is reduced. A detector for measuring radioactivity 
is arranged on the outside of the measuring cylinder and measures 
the concentration of the radioactivity in the radioactive liquid 
without being in contact with the measuring cylinder. The water 
passing through the measuring cylinder is discharged through a 
discharge opening via a water outlet pipe arranged on the 
measuring cylinder's outlet side, and then via a check or 
stopvalve, to a tank. 

The problem with this known apparatus is that accumulation of 
radioactivity on the inner surface of the measuring cylinder 
cannot be avoided despite the fact that the liquid in the stream 
is not in direct contact with the measuring cylinder. Splashing, 
caused by fluctuations in the measuring stream, in the course of 
time results in such accumulation. 

jp-C- 13759 5/77 discloses an apparatus of mainly the same basic 
structure as the last mentioned apparatus, but with the additio- 
nal characteristic that in the upper part of the measuring 
cylinder there is a twin-tube structure, whereby the inner tube 
or pipe element, i.e. the discharge pipe, directs the water to 
be measured for radioactivity and causes a vertical flow down 
through the measuring cylinder. Furthermore, clean water is 
supplied to the outer measuring cylinder in such a way that the 
clean water runs along the inner surface of the measuring 
cylinder and thus forms a protective film of clean water which 
reduces the risk of contamination on the inner wall of the 
measuring cylinder. 

The latter apparatus is impaired by the disadvantage of the great 
amounts of flushing liquid which are needed in order to ensure 
a homogeneous cleaning film on the inner surface of the measuring 
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cylinder, without formation of "tracks" i«e. breaks in the 
continuous film which are quickly transmitted to the inlet pipe ■ s 
opening. Due to the large amounts of cleaning liquid required 
there are problems handling the waste, i.e. the radioactive 
contaminated test liquid mixed with cleaning liquid. 

EP-B-0 053 364 discloses an apparatus comprising a vertically 
arranged outer cylinder, means for measuring radioactivity, 
means for supplying a radioactive liquid to the inner part of the 
outer cylinder, and means for supplying cleaning liquid along the 
inner surface of the outer cylinder. With this apparatus one has 
tried to solve the problem of the large amounts of contaminated 
waste by returning the liquid to the enclosed system. However, 
this system requires that the analysing equipment is pressurized 
to the prevailing pressure in the primary cooling circuit or 
cooling water, which may amount to up to 70 bar. For obvious 
reasons this requires complex equipment, resulting in high costs. 

EP-B-O 143 162 discloses a further development of the technique 
from the last mentioned patent. The detector for the radioac- 
tivity is arranged inside an inner cylinder, and the test flow 
is arranged in a ring-formed flow around the inner cylinder. To 
avoid contamination two flushing flows are produced, one along 
the inner cylinders exterior and one along the outer cylinder's 
interior surface. 

THE TECHNICAL PROBLEM 

The object of the present invention is, thus, to solve the 
problem which still exists with the known arrangements for 
measuring radioactivity in water from, for example, the cooling 
system of a nuclear power plant, i«e. to make it possible to 
measure radioactivity in such water, whereby only small amounts 
of sample water need be taken. Furthermore, only very small 
amounts of cleaning fluid should be required, and the measuring 
should be undertaken without the measuring equipment being 
contaminated accumulatively when measuring. The system should be 
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able to be maintained with mainly normal pressure. The waste 
water should be able to be handled in the same way as ordinary 
low active waste. 

This problem is solved by a device according to claim 1. 

The advantage with this device is, thus, that one does not risk 
the build-up of ( radio )activity in the measuring chamber, and 
that the amount of waste may be kept low. 

An especially preferred embodiment is defined in claim 2, and 
further embodiments are disclosed in claims 3-10. 

The invention will now be described in more detail with reference 
to the attached drawings, where 

Figure 1 illustrates a device according to the state o f 
the art; 

Figure 2 illustrates schematically the device according to 
the invention; 

Figures 3a-c illustrate the construction of the inlet of the 
measuring apparatus, with means for producing the flushing 
flow; and 

Figure 4 illustrates in detail an alternative embodiment of 
a buffer arrangment in the measuring cylinder. 

The device illustrated in Figure 1, according to the state of the 
art ( JP-C-137595/77 ) , shows a measuring cylinder which consists 
of the outer casing of the device. In the measuring cyclinder's 
upper part there is a twin pipe structure, whereby the inner 
cylinder element, or the discharge pipe, leads the water the 
content of radioactivity of which is to be measured, and produces 
a vertical stream down through the measuring cylinder. Further- 
more, clean water is supplied to the outer measuring cyclinder 
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i„ such . -ay that it runs along the Inside surface oi : the 
.assuring cylinder, thereby forming a protective film of clean 
water, thus reaucing the ris* of contention of the inner well 
of the measuring cylinder. 

ngure 2 illustrates scha.atic.lly an e*odi~nt of the device 
according to the Invention, generally denoted 1. This oevroe has 
en outer cylinder 2. on which ,t the upper end there 1. arranged 
. M .ns 3 for producing s thin flushing fil. 4 along the xnner 
surfece of the cylinder 2. end »«ns 5. for producij ado™ 
flowing stream 6 of radioactive water to he tested for radioec 
tlvity The dimension of the cylinder 2 is not critic^, but test 
cylinders having en outer diameter of 50 mm have been »*^j<"* 
good results. Me«.s 3 and 5 will be described rn more detarl 
hereinbelow. 

A detector 7 for measuring the radioactivity (for example a 

„ 9 ci re iative effectiveness) is arranged 

Germanium detector 25% relative ex* 

further down on the outside of the cylinder. The choice of 
detector is, obviously, completely dependent upon the <"»^ 
conditions and it is within the field of competence of one 
skilled in the art to select the appropriate detector, therefor 
detectors will not be discussed here. 

The detector is placed in a casing 8 made of, for example lead 
and copper, to minimize both outer as well as inner radiation 
"Ls On the opposite side of the cylinder 2 is a lead screen 
9, provided with a copper lining 10 to further svield or screen 
off the system against exterior interference. 

Purther down the cylinder 2 a honeycomb structure 11 is arranged 
over the cross section of the cylinder. Said honeycomb structure 
11 prevents splashing which occurs when the test-stream 6 falls 
down on the bottom of the device and reaches up *• th. area of 
the detector 7 and contaminates the inner surface of the cylxnder 
2 with radioactivity. 
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.. - n is suitably built of a thin material, 
The honeycomb "J^, of about 0.1 

which amounts to about 15-20 mm. 



insert 13. Tel. insert consist, of an upper psrt » e 

part 15 which ere connected by of » ™ b ™^ ^ 

insert 13 »y. preferably, be in — ^ £ „ in ^ 

upper part 14. 

«. aiaeeter o, the lower pert is « — **» £ ^ 

— - - -rtr- rstTii"-™ - 

most 0.3mm, preferably at most u.xmm * 

lower part 15 of the insert 13 and the cylxnder 2. 

Thr ough the insert 13 ^^^^^Z 
through a central bore xn the xnsert. The ^pxp 

ly ab out 10 - -m the "fJ-^Z reactivity of 
cylinder 2. Through this pipe the 1* ^ 
whioh is to be determined is pumped wxth a flow 

ml/s. 

on a „ri 20b are passed through bores in the 
Two further pipes 20a and 20b *™J ^ gway gases 

insert 13. These pipes may be * ecessary ra dioactive 
which have been dissolved in the water , ^ dur±ng 
inert gases which have degassed xn the measuri g 
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■the process. 



The rib 16 forms a ring shaped chamber between the upper part 14 
and the lower part 15 of the insert 13- This chamber is a 
fundamental characteristic of the invention, which will be 
disclosed by the description which follows. Through the upper 
part 14 of the insert 13 two channels or bores 21a and 21b are 
provided through which cleaning liquid, for example, clean water, 
is guided to the chamber. This serves thereby as a pressure 
equalizing or pressure distribution chamber and distributes the 
through the channels 21a and 21b incoming cleaning flow, in the 
ring shaped chamber, so when the liquid is forced out through the 
thin ring shaped column or slot 16a a homogeneous, mainly laminar 
flow along the inner side of the cylinder 2 is achieved. 

The advantage of providing a cleaning film in this way is that 
to a great extent one eliminates turbulance, which would cause 
the thin film to very easily break up and form "bands or "strips" 
along the inside of the cylinder, i.e. places where no water 
flows. If this occurs, it is obvious that the cleaning will not 
be effective. 

An alternative method of achieving that the distribution of the 
cleaning water forms a homogeneous film without turbulence is to 
supply the cleaning liquid in a plurality of thin pipes, 
distributed along the inner perifery of the cylinder 2 and 
opening immediately above the column (not illustrated). 

A further method of achieving the distribution of the cleaning 
liquid is to supply the cleaning liquid tangentially by means of 
one or several pipes immediately above the column (not illustra- 
ted). 

By means of the addition of surface tension reducing agents to 
the cleaning water, for example detergents of various kinds, an 
even flow is more easily obtained. 
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homogeneous film will infellttly . honey _ 
. ; a; ooeee -^^rJ - - «~ — 

eesixy prov^e,^ -- ^—^ As iU-«- 1- 

cylinaer above the honeyeomo ^ the o-ring end 

ngu*. 3, e eeage-shepea epeoe " Thle 8p .ce eet. 

the insiae of o yll „aer 2 the per«ery ^ 

so thet smell fluctuations »» the ligu 

l^egulerltles in the -^^-"^^ "^luejetlons 
ecco.oa.te. in ssia J^e .Heia o-ring 

cannot affect the flow above the buffer voxum 

Ohviously the nec.ss.rv huffet volume c.n he, .*iev»> i" »th« 

" ays .r -r^,Trr^r»r^he 2 - . 

provided with a strip necessary ring shaped 

said solution with an O-ring should be the simp 
alternative. 

* it has been shown that the detection level of 

ay means of tests xt has * ^ according to the in- 

analysxs wxth the axd of P ^ 

vention, lies xn the range of ^ ^ 
rae thods the detection limits "-xn^e 
bigher. The detection limit -"^J^^^ wate r, but 
type and concentration of other nuclides in >«m~ P detectable 
the tests show a clear improvement of the level 
nuclides . 
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CLAIMS 
1. 



An apparatus for measuring the concentration of radioac- 
tivity in a liquid, comprising an outer, vertically oriented 
cylinder 2, means (5, 6) for supplying the liquid to the outer 
cylinder 2 in such a way that the liquid flows down through the 
cylinder 2, along its longitudinal shaft without coming into 
contact with the inner surface of the cylinder (2), means (7) for 
measuring the radioactivity in said liquid, means (3) for 
supplying cleaning liquid to the interior of the cylinder (2) in 
such a way so that the cleaning liquid flows downwardly and forms 
a liquid film on the inner surface of the cylinder (2), 
characterised in that the means (3) comprises at 
least one supply conduit or pipe (21a, 21b) for supplying the 
cleaning liquid, which opens immediately above a column or slot 
(16a) running along the inside surface of the cylinder (2), for 
producing said liquid film. 

2. The apparatus according to claim 1, wherein the pipe or 
pipes (21a, 21b) discharge into a pressure equalizing or pressure 
distribution chamber (16) which is connected to the inside of 
cylinder (2) via the column (16a). 

3 The apparatus according to claim 2, wherein the ring shaped 
space and the column are formed by an insert (13) comprising a 
lower part (13) and an upper part (14), inserted in the upper 
part of the cylinder, and wherein the lower part (13) of said 
insert has a somewhat smaller diameter that the inner diameter 
of the cylinder (2;. whereby the upper and lower parts (14, 13) 
are connected by MS of a web or waist, v;hich when the insert 
is inserted in the cylinder forms said pressure distribution 
chamber - 



4. 



The apparatus according to claim 1, wherein the pipe or 
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pi pes (21., 21*) open out tangcntially Into the cylinder (2), 
immediately above the column or slot (16a). 

5 The apparatus according to claim 1. wherein a set of pipes 
(21a, 21b) are arranged mainly vertically adjacent each other 
along the inner surface of the cylinder (2). 

6 The apparatus according to any of the preceding claims, 
6. The apparax liquid flow 
wherein the cleaning flow is 20-30 ml/s ana 

is 50-100 ml/s. 

7 Th. apparatus according to any of the preceding clai»s. 
herein the thickness of the (U. produced is iess than 0.3 
preferably less than 0.1 mm. 

8 The apparatus according to any of the preceding claims^ 
comprising a'ring shaped flange (22) arranged at the lower part 
of L> cylinder (2), the rim of which is formed so that a rxng 
shaped s^ace forms between the rim and the inner surface of the 
cylinder (2). 

9 The apparatus according to clai. 6. -hereby the 

is tL~ " an 0-ring (12, which is fitted into the oyirnder 

(2). 

10 . Apparatus according to any of the preceding claims, 

comprising a splash-protecting means, consisting of a --ycomb; 
structure (11). which is inserted in the cylinder (2) 
arranged below and adjacent the flange (22). 
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